Summary. The 
Introduction
Marked changes in functional capacity and mitotic activity of thecal and granulosa cells occur as ovarian follicles grow towards ovulation. Although the exact relationship, if any, between mitosis and differentiation of follicle cells is uncertain, increased cell mass is thought to be necessary for adequate follicular and luteal steroid secretion. In women (McNatty et al., 1979) , as in sheep (Tsonis et al, 1984) and mice (Pedersen, 1970) , granulosa cell proliferation takes place in the late pre-antral and early antral phases of development with very little increase in granulosa cell number in healthy follicles beyond those stages. This is said to reflect reduced mitotic activity of granulosa cells (Hirshfield & Midgley, 1978) and suggests that mitotic activity of granulosa cells might be regulated by factors present in antral fluid.
One possible explanation of reduced mitotic activity of granulosa cells is the presence of an inhibitor of serum-derived mitogens in the antral fluid of large preovulatory follicles. We there¬ fore examined the ability of antral fluid obtained from sheep follicles to inhibit [3H]thymidine incorporation by 3T3 cells maintained in concentrations of serum optimal for cell growth.
Materials and Methods
Collection and processing of ovine follicular fluid (oFF). Ovaries were obtained from adult sheep within 10 min of slaughter and placed in ice-cold phosphate-buffered saline (PBS: 0T54M-NaCl, 005 M-phosphate, 100 units kanamycin sulphate/ml). All subsequent processing was carried out aseptically at ice temperature. Ovaries were rinsed briefly in ethanol (70% v/v; 30 sec) and subsequently in fresh PBS. Follicular fluid was aspirated from all visible follicles over a 2-h period using a 21-gauge hypodermic needle under gentle vacuum, pooled according to diameter of follicle ( < 5 mm; > 5 mm) and centrifuged to remove granulosa cells (250 g, 15 (Finney, 1964; Borth, 1976 Hormones. Purified inhibin (M, 31 000) was isolated from pooled bovine follicular fluid by gel chromatography, reversed-phase high-pressure liquid chromatography and preparative polyacrylamide gel electrophoresis (Robertson et al, 1986) . Biological activity of this preparation was confirmed by suppression of follicle-stimulating hormone secretion by rat pituitary cells in vitro (data not shown).
Steroids were purchased commercially (Steraloids, Wilton, NH, U.S.A.) and dissolved in ethanol to give stock solutions of 2-5 mM. Serial dilutions of stock solutions in culture medium were prepared such that the final concentrations of ethanol in cell cultures was less than 0002% (v/v (Fig. 3) . Potency was not apparently related to the month in which oFF was collected. Neither heating at 85°C nor exposure to trypsin resulted in loss of inhibitory activity from the material of lower molecular weight ( Fig. 7; pool III) . Although the inhibitory activity associated (6) 102 (18) 89 (3) 92 (16) our data indicate that oFF inhibits serum-induced mitosis of 3T3 fibroblasts in vitro. This effect is both dose-dependent and reversible in that washing of oFF from cultures resulted in complete restoration of serum-induced mitotic activity. Inhibitory activity recovered from oFF was associated with material of Mr~1 80 000 and < 10 000, suggesting that either two very distinct components of oFF are each capable of inhibiting mitosis, or that the material of higher molecular weight represents active material bound to a carrier protein. Incomplete loss of activity at 85°C suggested that oFF contained both heat-labile and heat-stable inhibitory components. This would be consistent with the observed Chromato¬ graphie heterogeneity of inhibitory activity. Given that the component of lower molecular weight was stable to both heating and exposure to trypsin, the material of higher molecular weight would be expected to be heat-sensitive to explain the partial reduction in inhibitory activity after heating unfractionated oFF. However, although the component of higher molecular weight was trypsinsensitive, heating had little or no effect. The reduction in inhibitory activity after heating of unfrac¬ tionated oFF must therefore have been due to interaction with other components of follicular fluid, possibly endogenous proteases.
Failure of charcoal treatment of oFF to remove inhibitory activity and an inability of exo¬ genous steroids to reduce mitotic activity further argue against the inhibitory components being steroidal in nature. In view of the concentrations of steroids (Carson et al, 1981) , and of inhibin in oFF (Tsonis et al, 1983) , and the manner in which the present experiments were conducted, it is estimated that the final concentrations of steroids and inhibin in culture media to which oFF had been added would have been of the order 10"8M. Concentrations of inhibin and exogenous steroids studied in these experiments were several orders of magnitude above and below this level.
Purified bovine inhibin of Mt 31 000 prepared in this laboratory (Robertson et al, 1986) did not alter mitotic activity of 3T3 fibroblasts. It is established that the alpha subunit of inhibin has extensive homology with the constituent subunit of homodimeric transforming growth factor type beta (TGF-ß; Mason et al, 1985) , a factor capable of both stimulation and inhibition of mitosis in normal tissues (see Moses et al, 1985 , for review). Our data suggest that, despite extensive struc¬ tural homology, inhibin does not share any functional domain with TGF-ß or that each is similarly active and 3T3 cells under these experimental conditions do not respond to TGF-ß-like activity.
Tissue-specific endogenous inhibitors of mitosis are said to exist in a variety of non-neoplastic tissues including liver (Verley et al, 1971 ), cerebral cortex (Johnson et al, 1985) , serum (Del'Aquilla et al, 1984) and testis (Thumann & Bustos-Obregon, 1982) . We are unable to state the relationship, if any, of the activity described in the present study with any of these inhibitors from other tissues or the inhibitors of embryo cleavage (Hung & Millard, 1985) , oocyte maturation (Tsafriri & Channing, 1975) , pituitary FSH secretion (Robertson et al, 1986) , gonadotrophin bind¬ ing (Yang et al, 1976; Darga & Reichert, 1978) , granulosa cell luteinization (Ledwitz-Rigby et al, 1977) or gonadotrophin-induced follicular development (diZerega et al, 1982 (diZerega et al, , 1983 said to be present in follicular fluid. Because mitosis of granulosa cells is said to be independent of pituitary gonadotrophins (Gospodarowicz & Bialecki, 1979) (Holmes et al, 1986) . Alternatively, inhibition of serum-induced mitosis may be due to the presence in oFF of inhibitors which interact directly with 3T3 cells to block thymidine uptake or metabolism rather than blocking the effects of mitogens in FCS.
In addition to 3T3 cells (Makris et al, 1983) , cells derived from the mouse embryo (Hung & Millard, 1985) , human ovarian tumour (Kikuchi et al, 1986) and bovine aortic endothelium (Koos, 1986) have been used to study regulation of mitotic activity in vitro by ovarian factors. There is also experimental evidence in support of regulation of testis cell proliferation by seminiferous tubule growth factor (Bellve & Feig, 1984) which is based on studies of 3T3 rather than testis cells. Attempts to compare the effect of an endogenous ovarian growth factor on proliferation of 3T3 and granulosa cells have as yet proved inconclusive (Makris et al, 1983) .
Even though 3T3 fibroblasts have been used extensively as a bioassay for growth factor activity and in studies of the control of mammalian cell proliferation, confirmation of an inhibitory factor in oFF is entirely contingent on demonstration of an inhibition of oFF of granulosa cell rather than 3T3 fibroblast mitosis in vitro. Despite this reservation, it remains possible that the ability of oFF to inhibit serum-induced mitosis may account for the observed inhibition of gonadotrophin-induced follicular development when charcoal-treated oFF was administered to sheep (Cahill et al, 1985 
